The present study investigated the effect of peanut sprout extract (PSE) as a natural resveratrol supplement on chronic bacterial prostatitis (CBP) and estradiolinduced benign prostatic hyperplasia (BPH). PSE contained a high level of resveratrol (148.51 ± 3.05 µg/g), and was tested on the mouse models of CBP (induced by Escherichia coli 292 infection) and BPH (induced by treatment with β-estradiol and dihydrotestosterone). PSE toxicity was assessed on the basis of changes in body weight, alanine aminotransferase activity (an indicator of hepatotoxicity), and expression of the kidney injury marker KIM-1. The effects of PSE on the histopathology of prostate tissue, the proportion of neutrophils, and immune cell profiles in the blood and spleen were examined. PSE administration did not result in any toxicity but reduced the bacterial burden and histopathological changes in the prostate. In addition, lymphocytes (CD4 + , CD8 + , and CD19 + ) in the spleen were significantly increased after PSE administration in CBP mice, suggesting immune enhancement. PSE treatment of bone marrow-derived macrophages increased the expression of CD40, which is related to the pro-inflammatory function and host defense against pathogens. It is concluded that PSE would be a good supplement for the mitigation of prostate hyperplasia and prostatitis.
Prostatitis and prostate hyperplasia are diseases that commonly occur during men's lifespan all over the world, and 35-50% of men have prostatitis at some time in their lives [1, 2] . Prostate diseases include chronic bacterial prostatitis (CBP), benign prostatic hyperplasia (BPH), and prostate cancer [2] [3] [4] [5] . Prostatitis is frequently present in aging men, and many patients are suffering from chronic prostatitis syndrome [1, 5, 6] . Chronic prostatitis of bacterial and nonbacterial origin is a very common disease in men; nevertheless, there are no established management strategies in everyday life. After the onset of symptoms, anti-inflammatory drugs, α-adrenergic blocking agents, and 5α-reductase inhibitors are the best remedies [2, 6] . However, in recent years, phytomedicines are becoming popular all over the world for management of prostate diseases [4, 5, [7] [8] [9] . The major infection routes in chronic bacterial prostatitis are through the urinary tract, rectum, and blood [10] [11] [12] . CBP treatment with antibiotics is difficult because of biofilm formation by bacteria, especially E. coli spp. [10] . If the symptoms persist, chronic prostatitis can progress to bacterial cystitis, pelvic pain, and acute pyelonephritis [1, 4] . BPH commonly occurs in aged men, accordingly general preventive and therapeutic measures have to be planned for a long time [5] . Complementary alternative medicine (CAM) is becoming popular all over the world for treatment of various diseases. Among prostate diseases, the usefulness of CAM has been mainly reported for prostate cancer, CBP, and BPH [4, 5, 13] . The small polyphenol compound resveratrol is a natural ingredient of herbal remedies and has received widespread attention as a potential therapy or preventive agent for numerous diseases [14] . The scientific interest to resveratrol is related to its use for prevention of carcinogenesis and cardiovascular disease, and to its anti-inflammatory and anti-oxidant properties [14] . Resveratrol also exerts anti-inflammatory effects and enhances multiple immune functions of human T-cells in vitro, suggesting its ability to regulate the immune response; it also inhibits proliferation of human prostate cancer cell lines [15, 16] . However, the in vivo and in vitro effects of resveratrol on the prostatitis are not well understood. Resveratrol (3, 5 ,4′-trans-trihydroxystilbene) is mainly found in grapes, a variety of other berries, and peanuts [14] . The most important dietary source of resveratrol is red wine; however, peanut (Arachis hypogaea L.), which has a high content of resveratrol, has been recently highlighted as a next-generation alternative dietary source of resveratrol [14, 17] . In particular, the content of resveratrol in peanut sprouts (germinated peanut seeds) is higher than in wines or peanut plants [14, 17] . To take advantage of the high resveratrol content in this dietary source, peanut sprouts are processed by drying and extraction of the sprout powder; these extracts (PSE) have been tested for the biological effects of resveratrol in various disease models [17] [18] [19] [20] [21] [22] [23] [24] . In this respect, the present study examined the concentration of resveratrol in PSE, assessed the effect of PSE on prostate inflammation in the mouse models of CBP and BPH, evaluated whether administration of PSE as a dietary source of resveratrol causes toxicity to the liver or kidneys, and finally examined the possible role of the immunestimulating effect of PSE in its ability to alleviate prostatitis.
The composition of PSE used in the present study is shown in Table  1 . The major components were proteins, carbohydrates, lipids, and water (25.6, 20.4, 0.3, and 49.1 g per 100 g of PSE, respectively). Among other nutrients shown in Table 1 , trans-resveratrol was present at 14.851 mg per 100g of PSE (Table 1) . Trans fat and cholesterol were not detected (data not shown). Before the experiments in prostatitis mouse models, the toxicity of PSE was examined in control BALB/c mice ( Figure 1 ). ALT activity and the expression level of the Kim-1 gene were used as indicators of toxicity to the liver and kidney, respectively. No toxicity was found even after administration of a high dose of PSE (200 µL of PSE prepared in 100 mg/mL) ( Figure 1 ). Therefore, this dose was used in further experiments. The concentration of resveratrol contained in this dose is about 2.97 µg (per 200 µL of PSE prepared in 100 mg/mL), and the injection dose is 0.119 mg/kg.
Figure 1:
Evaluation of toxicity markers in the liver and kidney after PSE administration (n=3). PSE toxicity was evaluated by serum ALP activity for the liver (a) and Kim-1 gene expression for the kidney (b). ALP activity was evaluated using colorimetric assay kit. Kim-1 gene expression was analyzed by RT-PCR and normalized to that of GAPDH. The mice were divided into four groups (n=5): control, CBP (E. coli), PSE, and CBP+PSE. The amount of resveratrol in 200 µL of PSE (100 mg/mL) was calculated as 2.97 µg. To investigate the effect of PSE, body weight and blood neutrophils were examined in the four groups. A significant difference in body weight between E. coli inoculation (CBP) with or without PSE administration was shown at day 16 and 20 after treatment (Figure 2a , p < 0.05). Unless, there was no significant change in body weight of all experimental groups (Figure 2a ). The population of inflammatory cells predominantly increased upon the induction of prostatitis-was neutrophils. E. coli inoculation (CBP induction) significantly increased the proportion of blood neutrophils (%) compared to that in control mice (28.8 ± 3.4 vs. 8.0 ± 3.4, respectively, p < 0.05) ( Figure 2b ). PSE administration in CBP mice resulted in a reduction of neutrophils compared to that in CBP mice although it is not statistically different (25.4 ± 11.2 (%) vs. 28.8 ± 3.4 (%)). In contrast, the proportion of blood monocytes was slightly increased in the CBP+PSE group compared to that in the CBP group although the difference is not statistically (14.0 ± 2.9 (%) vs. 11.8 ± 4.6 (%)) ( Figure 2c ). Increase in neutrophils and monocytes conversely caused the decrease in lymphocytes proportion ( Figure 2d ). Histologically, normal prostate is composed of glandular and stromal tissue ( Figure 3a ). The prostate of rodents contains 3 separate lobes: dorsal, ventral, and lateral (frequently combined with dorsal as the dorsolateral lobe). Glands (tubules) are lined by two cell layers: the outer layer and the inner layer of columnar mucin-secreting epithelium. The stroma is the fibromuscular layer. The fibromuscular stroma between glandular tissues had an intact muscle layer, and the columnar mucin-secreting epithelium of glands was intact in both control and PSE groups (Figure 3a , b). In contrast, edema was detected in the prostate stroma in CBP mice (2.4 × 10 5 cfu per gram of prostate tissue, data not shown); in these mice, the prostate was enlarged and had fibrotic stroma suggesting prostatic hypertrophy ( Figure 3c ). In addition, mucosal epithelial hyperplasia and tufting of the mucin-secreting epithelium in the inner layer of granules were found in CBP mice ( Figure 3c ). However, these abnormalities disappeared after PSE administration ( Figure 3d ). In this experiment, the presence of E. coli in the prostate was reduced to 0.6 × 10 5 cfu per gram of prostate tissue (data not shown). In general, PSE administration in CBP mice reduced E. coli proliferation to 25% of that without PSE. To investigate the effect of PSE on non-bacterial prostate hyperplasia, we used E2 + DHT to induce estradiol-induced prostatitis with BPH. The mice were divided into four groups (n=5): control, BPH, PSE, and BPH+PSE. There was no significant increase in body weights although BPH mice was increased from day 12 to day 28 (from 30.8 ± 0.7 g to 33.6 ± 1.4 g) in comparison with control mice (from 26.8 ± 0.6 g to 29.0 ± 1.1 g) ( Figure 4a ). During this period, PSE did not affect the body weight both in the control and E2 + DHT groups. To examine the induction of prostatitis in BPH mice, blood neutrophils were differentially counted as for CBP mice (Figure 4b ). The proportion of neutrophils Effect of peanut sprout extract on prostate hyperplasia and prostatitis Natural Product Communications Vol. 12 (1) 2017 75 (%) increased from 11.3 ± 2.1 in the control group to 18.3 ± 5.9 in the BPH group, suggesting the induction of prostatitis. In contrast, in the BPH+PSE group the proportion of neutrophils was reduced to 14.0 ± 2.6, i.e. by 4.3 percentage points in comparison with the BPH group although it is not statistically different ( Figure 4b ). The proportion of blood monocytes (%) was also reduced in the BPH+PSE group in comparison with the BPH-group (8.7 ± 2.5 and 12.0 ± 2.8, respectively) although it is not statistically different ( Figure 4c ). In the dorsal lobes of prostate glands, intact muscle layers in the fibromuscular stroma were found both in the control and PSE groups, and glands also had an intact epithelium in the columnar mucin-secreting epithelium of granules (Figure 5a, b ). In contrast, epithelial cell hyperplasia and swollen epithelial layers were observed in the prostate glands of BPH mice (Figure 5c ). In addition, the stroma in BPH mice was thicker than in control mice, suggesting prostatic hypertrophy ( Figure 5c ). PSE administration remarkably reduced the pathological signs (edema with enlarged tissue and fibrotic features in the stroma as well as mucosal epithelial hyperplasia in the granules) in the prostates of BPH mice ( Figure 5d ). Macrophages (BMMs) were isolated from the bone marrow. To investigate the possibility of immune activation after PSE treatment, we incubated BMMs with PSE, E. coli LPS, or both, and analyzed the expression of the macrophage activation marker CD11b + and the antigen presenting cell activation marker CD40 + ( Figure 6 ). The expression of CD11b + was not significantly increased under any experimental conditions ( Figure 6a ). However, the expression of the CD40 + costimulatory molecule for antigen presentation was significantly increased in PSE-treated cells, suggested that the effect of PSE may be related to the M1 macrophage phenotype and T cell immunity for anti-pathogenic immunity (Figure 6b ). Accordingly, our results strongly suggest that the reduction of E. coli burden in the prostate of CBP mice may be related to the PSE treatment for 4 weeks. To investigate whether the reduction of bacterial burden in the CBP+PSE-group was related to immune enhancement, the phenotypes of splenocytes were examined by FACS analysis (Figure 7 ). PSE administration in non-infected mice resulted in a slight increase in CD4 + T cells, CD8 + T cells, and CD19 + B cells in comparison with control mice (CD3 + CD4 + : 7.7 ± 0.57 × 10 7 vs. 6.9 ± 0.53 × 10 7 ; CD3 + CD8 + : 4.4 ± 0.85 × 10 7 vs. 4.3 ± 0.95 × 10 7 ; CD19 + : 6.7 ± 0.002 × 10 7 vs. 5.8 ± 0.58 × 10 7 ) (Figure 7a ,b,c). The increase in lymphocytes was stronger in the CBP+PSE group in comparison with the CBP group (CD3 + CD4 + : 9.97 ± 0.27 × 10 7 vs. 8.01 ± 0.15 × 10 7 ; CD3 + CD8 + : 6.68 ± 0.37 × 10 7 vs. 5.28 ± 0.4 × 10 7 ; CD19 + : 11.35 ± 0.08 × 10 7 vs. 7.78 ± 0.17 × 10 7 ) ( Figure  7a,b,c) . The number of F4/80-macrophages was also increased in CBP+PSE mice in comparison with CBP mice without a statistical significance (1.16 ± 0.52 × 10 7 vs. 0.92 ± 0.16 × 10 7 ) (Figure 7d ). In addition, the numbers of DX5a-NK cells were increased in CBP+PSE mice in comparison with CBP mice although there was no statistical significance (1.41 ± 1.41 × 10 7 vs. 0.92 ± 0.16 × 10 7 ) ( Figure 7e ). The increased numbers of lymphocytes in PSEadministered CBP mice were likely related to the anti-bacterial immune response and helped to relieve inflammation by decreasing the E. coli burden in the prostate.
Prostate diseases include bacterial (CBP) and non-bacterial prostatitis (BPH) [1] . The therapeutic measures for CBP are mainly antibiotic prescription [6] , whereas BPH is treated with αadrenergic blocking agents and 5-α-reductase inhibitors [2] , or often by phytotherapy using phytochemicals such as a polyphenolic flavonoid [4] . BPH therapy by using herbal remedies was attempted with the expectation of their diverse favorable effects such as antibacterial, anti-inflammatory and antioxidant activity [13] . In particular, because the BPH and prostate cancer occurrence in aged men cannot be predicted, general phytomedicines for the prostate continue to attract attention and are becoming more popular all over the world [5] . Resveratrol was introduced as a candidate nutritional substance for prostate cancer prevention [9] ; recently, it was suggested to have many beneficial health effects including antioxidant, anti-inflammatory, anti-proliferative, pro-apoptotic, and anti-angiogenic [8] . Those health effects of resveratrol were first recognized when it was realized that red wine consumption results in a lower incidence of cardiovascular diseases in the French population [8, 15] . Trans-resveratrol is the biologically active form of resveratrol, and is present in the skin of grapes and in other fruits (such as raspberries, blueberries, and mulberries), as well as in Scots pine, Eastern white pine, and knotweed [8] . Particularly high concentrations of trans-resveratrol were found in peanuts and grapes [9] ; resveratrol content is 3 µg/g, 0.6 µg/g, and 110.3 µg/g in grapes, wine, and peanut sprouts, respectively [17] . According to a recent study that used PSE (38.17 mg/mL, 0.05% resveratrol), in which rats were fed a high-fat diet with the addition of PSE (30 mg/kg), PSE had an anti-obesity effect because it controlled the levels PPARγ and adiponectin proteins in adipose tissue [17] . In another study, trans-resveratrol content in PSE obtained by dissolving peanut sprout powder with water was 54.2 µg/g [20] . PSE processed by hot water extraction and concentration in the present study was rich in trans-resveratrol (148.51 ± 3.05 µg/g). In the present study, we were interested in the beneficial health effect of PSE on bacterial and nonbacterial prostatitis because PSE is a natural source of resveratrol [8, 9] . PSE administration reduced bacterial proliferation to one-quarter in of that in CBP mice. Although PSE is not an antibiotic, highly concentrated resveratrol in PSE may have a role in restoration of prostate tissue through its anti-inflammatory and immune-enhancing effect [8, 15] . Biomedical effects of resveratrol observed in multiple biological systems include those related to immunity, for example the antiinflammatory effect and effects on multiple immune functions of T cells [15] . The present study has also shown an increase in the immune cells, CD4 + -, CD8 + -, and CD19 + -lymphocytes, in PSEtreated mice. This suggests that the administration of PSE induces immune enhancement due to the presence of resveratrol. Under the same conditions, PSE had no toxicity as assessed by measuring body weight as well as liver and kidney toxicity.
BPH is also an important prostate disease and represents hormoneinduced chronic inflammation that results from the infiltration of inflammatory cells; it may show no distinct clinical signs and generally lead to urination problems resulting from urinary tract obstruction by an enlarged prostate [13] . With respect to BPH, the usefulness of phytotherapy and complementary alternative medicine has been suggested with the expectation of the reduction in the risk of death and long-term morbidity [4, 5] . Experimentally, BPH can be induced by E2 and DHT treatment [2, 13, 25] . Fortunately, BPH can be relieved by herbal remedies due to their ability to inhibit cyclooxygenases 1 and 2 (COX-1 and COX-2) [13] . The resveratrol content in PSE is very high compared with a natural phytomedicine [17] . Similar to CBP mice, blood neutrophils were increased in BPH mice; PSE administration reduced the blood neutrophil population by approximately 4.3 percentage points compared to that in untreated BPH mice. At the same time, PSE-administered mice showed a reduction in epithelial cell hyperplasia and swelling in epithelium of the glandular tissues as well as the thickening and fibrous features in the stroma related to prostate hypertrophy. These results are in line with those of a recent study that investigated the effect of resveratrol on BPH induced by testosterone propionate injection [25] . Resveratrol (1 mg/kg) introduced into BPH rats showed favorable effects such as a decrease of prostate weight and DHT production [26] . In the present study, mice were treated with a much lower resveratrol concentration, 0.119 mg/kg, but it still showed the preventive and therapeutic effect in CBP and BPHinduced prostatitis.
The anti-prostatitis effect of PSE is likely to result in part from immune enhancement, because our ex vivo experiment showed activation of 95% pure BMMs by PSE. Activation of these antigenpresenting cells suggests the induction of further immune responses. CD40 is an M1 macrophage costimulatory marker, and M1 macrophages produce considerable amounts of nitric oxide in response to E. coli and have important roles in chronic inflammatory diseases [26] . In contrast, CD11b is a monocyte marker and a marker of CD8+ cytotoxic T cell activation during virus infection [27] . We found that PSE treatment increased CD40 expression on BMMs. This result agrees with the cell phenotype increased in the spleen. The numbers of T cells (CD4 + and CD8 + ), B cells (CD19 + ), and macrophages were increased more in the CBP+PSE group than in the CBP group; a decrease in E. coli burden in the prostate in the CBP+PSE group suggests the induction of anti-bacterial immune response. Therefore, it seems that the increase in lymphocytes in PSE-administered mice with prostatitis enhanced the anti-bacterial immune response and helped to relieve inflammation.
Since PSE used in the present study was a mixture of natural compounds, it is impossible to definitely point out the ingredient that had the favorable effect in the prostatitis mouse model. However, peanut contains a high level of resveratrol, and resveratrol biosynthesis in peanut is enhanced by germination [24] ; moreover, the extraction of peanut sprouts using steaming and ethanol is a processing method that yields highly concentrated resveratrol [19] . Recently, resveratrol has been reported to have an effect on BPH via regulation of inflammatory and apoptotic proteins [25] . On the basis of our results and the previous studies, we speculate that the effect of PSE on both CBP and BPH prostatitis may be due primarily to the presence of resveratrol.
Experimental
General: Peanut kernel, used for producing peanut sprout in this experiment, was purchased from Laixi city shunxiang peanut product's Co., LTD (shandong, china) and its scientific name is "Arachis hypogaea L." (HS code: 12024200). Arachis hypogaea L. is registered in "Bio Resource Information Service center (Sejongsi, Republic of Korea) and its code is "MANUN1201292056". PSE was prepared by the established method with some modifications [17] . Briefly, peanut seeds were germinated by spraying and watering them dropwise for 7 to 8 days in the dark at 24-25ºC and 85% humidity, and then processed at a local plant (Jangsuchae Co., Seoul, Korea) for further the preparation of liquid PSE. Liquid PSE was extracted by vacuum distillation and condensation with hot water extraction (100ºC for 7 h), concentrated under reduced pressure (95ºC for 48 h), diluted 10 times with 10 mM PBS (pH 7.2), filtered through a 0.22-µm PVDF syringe filter (Millipore, Billerica, MA), and then used for in vitro and animal experiment. [6, 10] . Then the penis was tied with a sterilized string for 30 min to prevent the backflow of injected bacteria. The success of bacterial infection was confirmed by E. coli colony (cfu) counting in the prostate tissue of sacrificed mice at the end of the experiment. Briefly, tissues were removed from the ventral and dorsal lobes of the prostate, weighted, and ground in PBS using a blender in 50-mL conical tubes. The samples were spread on LB agar plates and cultivated at 37°C for 12 h. The bacterial colonies were counted by cfu × 10 5 per 1 g of tissue. The colony number was approximately 2.4 × 10 5 cfu per gram of prostate tissue, indicating successful infection.
Prostate hyperplasia was induced by subcutaneous injection of βestradiol (E2; Sigma-Aldrich) and 5α-androstan-17β-ol-3-one (dihydrotestosterone, DHT; Sigma-Aldrich) for 4 weeks [16] . For the first 2 weeks, β-estradiol dissolved in sesame oil (0. Bone marrow-derived macrophages (BMMs) were collected from the femur and tibia. Briefly, cells were collected by flushing the bone marrow with cold complete RPMI medium (Welgene Inc., Daegu, Korea) containing 10% fetal bovine serum (Invitrogen, Carlsbad, CA) and 1% antibiotic-antimycotic (Invitrogen), and then cultured in 30% L929-conditioned medium (M-CSF-containing medium) in a 100-mm dish (SPL, Pocheon, Korea) for 2 weeks with subculturing every 3 days. The purity of harvested BMMs was measured by using a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA) after immunostaining with the panmacrophage marker F4/80; the purity was confirmed to exceed 95%. For further in vitro culture, 2 × 10 5 BMMs were cultured with either PSE (5 mg/mL) or E. coli LPS (1 µg/mL) in a 6-well plate (SPL) for 24 h. CD11b-and CD40-expression level were determined by FACS analysis using anti-CD11b-FITC and anti-CD40-PE antibodies (both 1:100, eBioscience, San Diego, CA), respectively.
For investigating the inflammatory cell population, spleens were collected from CBP mice (n=5) at the end of the experiment, dissociated into single-cell suspensions, and washed with RPMI. Red blood cells (RBCs) in the spleen were destroyed by hypotonic shock using RBC lysis buffer containing 0.15 M NH 4 Cl, 1 M KHCO 3 , and 0.1 mM Na 2 EDTA (pH 7.4). Splenocytes were counted by Trypan blue exclusion test, and were pooled in equal amount for further FACS analysis; 2 × 10 6 splenocytes for each cell population were analyzed in duplicate. The cells were incubated with rat anti-mouse CD16/32 (Fcr III/II receptor) antibody (1:100 dilution, eBioscience) to block nonspecific binding before staining with specific antibodies, washed and stained with the following FACS antibodies (all from eBioscience; 1:100, 20 µL of each antibody for 10 min at room temperature in the dark): anti-CD19, phycoerythrin (PE)-conjugated; anti-F4/80, PE-conjugated; anti-DX5a, fluorescein isothiocyanate (FITC)-conjugated; anti-CD3, allophycocyanin (APC)-conjugated; anti-CD4, PE-conjugated; and anti-CD8, PE-cy5-conjugated. After washing, labelled cells were fixed in 20 µL of 4% paraformaldehyde solution. Fluorescence was quantified using a FACSCalibur flow cytometer (BD Biosciences). Data, which were originally expressed as percentage of splenocytes, were recalculated as cell number in each stained cell phenotype relative to the total spleen cell number.
The results are presented as means ± SD. Statistical analysis was performed by a one-way ANOVA followed by Scheffe post hoc comparison. A statistical significance is represented by same lowercase letter. P < 0.05 was set as the level of statistical significance. The graphics program used in the present study is GraphPad Prism 5.0a.
